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An expression for predicting the number of species in a given area is described . Derivatives of this expression, 
to increase sampling efficiency in a vegetation stand, include a minimum of four separate subsamples; a maximum 
number of subsamples when less than 10% increment in new species is achieved; and subsample size. It is also 
suggested that species diversity in terms of species per unit area can be more consistent when derived from 
this expression. 
'n Uitdrukking om die aantal spesies vir 'n bepaalde gebied te voorspel word beskryf. Afleidings van hierdie 
uitdrukking, om doeltreffendheid by die monsterneming van 'n plantegroeistand te verbeter, sluit die volgende 
in: 'n minimum van vier afsonderlike submonsterpersele; 'n maksimum aantal submonsterpersele wanneer die 
nuwe spesiesaanwas minder as 10% is; en submonsterperseelgrootte. Dit word ook voorgestel dat spesies 
diversiteit , ooreenkomstig spesies per eenheidoppervlakte, meer konsekwent kan wees wanneer dit van hierdie 
uitdrukking afgelei word . 
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Introduction 
The vegetation ecology of the Transvaal Waterberg is currently 
being investigated at a scale of 1 :250 000 (Westfall, in prep.). 
The smallest mappable unit area or vegetation stand, of which 
a sample should be representative, is determined by scale 
(Rutherford & Westfall 1986) and is 20 ha for this study. A 
single sample of this dimension would be prohibitive both in 
terms of cost and time. Random subsamples within the stand 
offer an objective method of obtaining a representative 
sample. The efficiency of the subsamples, in terms of plant 
species recorded, can be determined if the total number of 
plant species in the stand can be estimated . 
The object of this study is to determine the optimum 
subsample size, in terms of reduced effort and improved 
efficiency, for sampling the vegetation of the Transvaal 
Waterberg. 
Methods 
Vegetation analysis 
Two observers, A and B, counted species in eight samples 
representing four very different vegetation types, namely 
closed grassland (sample 1); open woodland (sample 2); closed 
woodland (samples 3 and 4) and unidorninant forest (samples 
5 and 6). In samples 1 and 2 each observer repeated the 
countings of the other observer for the same area, each 
without knowledge of the other's results . In each sample 
cumulative plant species totals were recorded in 14 nested 
rectangular subsamples, each with a width-to-length ratio of 
1:2 (Figure 1). Subsamples size increased from 62,5 mm x 
125 mm (0,0078125 m2) to 10 m x 20 m (200 m2) and the 
length of each subsample was perpendicular to the contour. 
In addition, both observers jointly counted the observable 
species present in a 20-ha stand of which sample 2 was 
representative. In this stand nested circular subs am pies were 
also used with radii of 6,3 m (128 m2), 12,7 m (512 m2), 
25,5 m (2 048 m2), 51 m (8 192 m2), 102 m (32 768 m2), 
204 m (131 070 m2) and 252 m (200 000 m). 
Synthesis 
The data in the form of species number for a given area were 
tested for best fit with various curves (Parton & Innis 1972) 
as well as linear relationships. The curve which best fitted the 
data is described by the function: 
a c f (x, a, b, c, d) = (1 + b/ x) + (1 + d/ x) 
where a and c = the parameters which control the maximum 
value of the function and band d = the parameters which 
control the rate at which the function approaches its maximum 
value (Parton & Innis 1972). 
No parameters could be found with actual or derived values 
similar to the computed values for parameters a, b, c & d. 
This reduced the application potential of the function and it 
was accordingly not further applied. 
The linear regression which best fitted the data is described 
by: 
y = e(lIIlnr + Inc) 
where y = number of species for a given area (x), m = slope 
(rate of species increase for increasing area), x = area (m2), 
c = number of species in 1 m2 . 
This linear regression was then used to derive the number 
of species in 1 m2 from a given area and to synthesize data 
for illustrating species ~ area relationships. 
The validity of the relationships was tested by using data 
pertaining to the first three releves recorded in the Transvaal 
Waterberg (Westfall, in prep.) which utilized these rela-
tionships. 
Results 
The number of species recorded by observers A and B for 
the nested samples 1 to 6, with predicted values , are given 
in Table 1 and Figure 2. The linear regressions of these 
samples are illustrated in Figure 3. With the exception of 
sample A6, the slopes are generally similar. Sample A6 
represents a small stand of unidorninant Podocarpus latifolius 
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Figure 1 Layout of rectangular nested subsamples. Subsample sizes are: 
62,5 mm x 125 mm; 125 mm x 250 mm; 250 mm x 500 mm; 500 mm 
x 1000 mm; I m X 2 m; 2 m X 4 m; 3 m x 6 m; 4 m x 8 m; 
5 m x 10m; 6 m x 12m; 7 m X 14m; 8 m x 16m; 9 m x 18m; 
and 10 m x 20 m. 
(Thunb.) R. Br. Ex Mirb. in which forest-margin species 
were recorded before the maximum sample size of 200 m2 
was reached and can therefore be considered atypical. The 
mean slope of the regressions, excluding sample A6, is 0,34 
but is taken as 0,3 which was used for calculating the predicted 
values in Tables 1 and 2. The mean correlation co-efficient 
for the recorded and predicted values for the seven samples 
(excluding sample A6) is R = 0,9860, whereas the mean 
correlation co-efficient for the corresponding recorded and 
predicted values using the curve function is R = 0,9819. The 
difference between these correlation co-efficients is not sig-
nificant. The correlation co-efficient for recorded and pre-
dicted values in the 20-ha sample is 0,9725 (Table 2). 
The value of c is derived from· y = e(mlnx + tne) and is given 
by 
c = e( - mlnx + lny ) 
which is dependent on the species diversity of the vegetation 
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type concerned. The values of c, derived from different areas 
and corresponding derived species number are given in Figure 
4. 
The derived relationship between number of subsamples 
and percentage new species increment is given in Figure 5 and 
the relationship between subsample number and percentage 
accumulated new species total is given in Figure 6. 
The results of the 20-ha sample together with predicted 
values is given in Table 2. 
Discussion 
The prediction of number of species for a given area has been 
tested for a wide range of vegetation types with satisfactory 
results. The larger difference between recorded and predicted 
number of species for areas greater than 2 048 m2 (Table 2) 
can be attributed to the difficulty in observing all species in 
these areas. Destructive sampling would be necessary to ensure 
the recording of all species. Both observers encountered 
increasing difficulty in observing all species with increasing 
sample size where sample size was greater than 20m2 • With 
nested subsamples, however, species omitted in a particular 
subsample were often recorded in a larger subsample. This 
is illustrated by the similarity in totals obtained by observers 
A and B for 200 m2 and the differences in totals for 18 m2 
to 128 m2 in samples 1 and 2 (Table 1). 
The effect of sampling two highly distinct vegetation types 
in a small sample is shown in Table 1 (A6) where a greater 
proportion of new species was recorded from 8 m2 than in 
the other samples. This is also illustrated in Figure 3 where 
the slopes (m) of all samples except A6 are similar regardless 
· of vegetation type. Local heterogeneity in the 20-ha sample 
did not influence the results as much as with the smaller 
sample. This can be attributed to the logarithmic increase in 
area used in the prediction expression where slope is not 
significantly affected by a greater proportion of new species 
in a large area. It is, therefore, essential for predictive purposes 
that the vegetation should be relatively homogeneous for a . 
sampling area of at least 200 m2 • 
For a given vegetation type, the value of c in the expression 
should be more or less constant when derived from different 
areas and a horizontal line could, therefore, be expected when 
these values are plotted against the area from which they are 
derived. However, in Figure 4 the values of c increase to an 
area equivalent to 2 m2 before remaining more or less con-
stant. This increase can be attributed to the edge effect of 
small subsample size where the proportion of species inter-
cepted by the subsample border to species within the sub-
sample is greater than for larger subsamples. It is difficult 
to record fractions of species present so that in practice 
intercepted species are often ignored. Subsample size should, 
therefore, be greater than or equal to 2 m2 in the vegetation 
concerned to reduce this edge effect. Similarly the value of 
c should also be derived from an area greater than or equal 
to 2 m2 in the vegetation concerned which will also ensure 
greater precision in comparability of species diversity in terms 
of species per unit area. 
The predicted increment of new species as a percentage of 
the total number of species for increasing number of sub-
samples (Figure 5) has maximum inflexion for four sub-
samples or less or an increment of 8,30Jo, or greater for given 
c values and subsample sizes. This indicates an optimum 
efficiency of four subsamples for vegetation sampling or an 
increment of 8,3%. With additional subsamples only relatively 
small increments decreasing from 6,5% could be expected 
(Figure 5). In practice this could be taken as an increment 
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Table 1 The number of species recorded by observers A and B for nested quadrats 1 to 6 with the predicted 
values* in brackets and correlations with observed and predicted values 
Area (m2) Al BI A2 B2 B3 A4 B5 
0,00781 2 (4) 2 (3) I (3) I (3) ° (2) ° (3) ° (0) 
0,03125 4 (5) 3 (4) I (4) 3 (4) ° (3) I (5) ° (I) 
0,12500 5 (8) 4 (6) 4(6) 5 (6) 3 (5) 2 (8) ° (I) 
0,50000 9 (12) 8 (10) 8 (10) 9 (9) 7 (7) 8 (12) I (1) 
2,0 17 (18) 15 (IS) 13 (IS) 14 (13) 10 (II) 14 (18) I (2) 
8,0 28 (28) 22 (22) 22 (22) 20 (20) 17 (17) 27 (27) 3 (3) 
18,0 37 (36) 22 (28) 26 (28) 24 (26) 19 (22) 34 (34) 3 (4) 
32,0 38 (42) 27 (33) 34 (33) 26 (30) 25 (26) 36 (41) 3 (5) 
50,0 44 (49) 34 (38) 38 (38) 35 (35) 28 (29) 40 (47) 4 (5) 
72,0 46 (54) 35 (43) 46 (43) 39 (39) 35 (33) 49 (52) 4 (6) 
98 ,0 SO (59) 40 (47) 49 (47) 41 (42) 39 (36) 52 (57) 6 (6) 
128,0 53 (64) 48 (51) 52 (51) 43 (46) 47 (39) 57 (62) 8 (7) 
162,0 55 (69) 55 (54) 54 (54) 49 (49) 51 (42) 60 (67) 9(7) 
200,0 57 (74) 57 (58) 55 (58) 52 (53) 55 (45) 61 (71) 9 (8) 
Slope 1,199 1,022 0,945 1,002 0,791 1,044 0,773 
Correlation co-efficient (R) 0,9891 0,9894 0,9970 0,9971 0,9910 0,9948 0,9434 
Value of InC** 2,7085 2,4673 2,4673 2,3720 2,2095 2,6721 0,4749 
*Prediction according to: y = e(mlnx + InC) where y = predicted number of species , m = 0,3 (slope), x = area (m 2) 
**C = species number for I m2 derived from 8 m2 
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Figure 2 The relationship between In area (m2) (x-axis) and In number of species (y-axis) showing observed numbers (dots) and predicted 
values (regression lines). Generally, fewer species are observed in quadrats smaller than 2 m2 (broken lines) than predicted, which is attributed 
to edge effect. Observer difficulty in recording all species is indicated by the trend of fewer observed species than predicted for the larger quadrat 
sizes (greater than 20 m2). 
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Figure 3 The relationship between In species number and In area for 
eight samples, showing the similarity in slope (m). Sample A6 is atypical. 
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Table 2 The number of species 
recorded in nested subsamples with 
predicted values in brackets (C 
2,5147 derived from 128 m2) 
Area (m2) Number of species 
128 53 (53) 
512 82 (80) 
2048 120 (122) 
8192 165 (184) 
32768 199 (280) 
131072 213 (424) 
200000 274 (481) 
Correlation co-efficient (R) between recorded and 
predicted values: R = 0,9725 
-4 -3 -2 -1 0 2 3 4 
In area (m 2 ) 
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Figure 4 The relationship between In c values, derived from different 
areas and corresponding In area showing the increase in c values to 
2 m2 (In 2 = 0,693) representing sample edge effect. 
of less than 10070 to allow for local heterogeneity. A minimum 
of four subsamples is recommended because if an increment 
of less than 10% is achieved with fewer subsamples local 
disturbance could be indicated. 
Species distribution in a stand varies from closely spaced 
species (high frequency) to 1 species in the stand (low 
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Figure 5 The relationship between number of subsamples and new 
species increment expressed as a percentage of the accumulated total. 
Subsample increments: I = 1000/0; 2 = 18,8%; 3 = 11,5%; 4 = 8,3%; 
5 = 6,5%; 6 = 5,3%; 7 = 4,5%; 8 = 3,9%; 9 = 3,5% & 10 = 3,1 %. 
frequency). Too small a subsample size would not include 
sufficient high frequency species for the relationship in Figure 
5 to be valid as each subsample would include only a fraction 
of the high frequency species resulting in a greater number 
of new species for successive subsamples. In contrast, too large 
a subsample size would include too many of the less frequent 
species with the same result. The percentage difference in the 
increment between subsamples 3 and 4 is 11,5 - 8,3 = 3,2%. 
This difference should be reflected in a limited number of 
new species. If the number is only a fraction, then the 
subs ample size is too small and conversely, if too large then 
the subsample is too large. For convenience and to allow for 
some local vegetation variation 3,2% difference can be taken 
to represent 3 new species. This difference can also be 
expressed as percentage accumulated totals between sub-
samples 4 and 3 where the first subs ample is taken as 100%: 
151,6-139 = 12,6% (Figure 6). The number of species (y) 
in the first subsample with difference of 12,6% = 3 new 
species between subsamples 3 and 4 is, therefore: 
139 
100 Y + 3 
3 y = 0,126 
= 23,81 species 
If c = 12 species m - 2 then the area (x) corresponding to 23,81 
species is: 
(lny-Inc) 
x = e -'---''----"-
m 
= 9,82 m2 
Subsample size is, therefore, 9,82 m2• This relationship also 
takes the diversity of the vegetation into account because 
subsample size increases as diversity (c value) decreases. The 
subsample size is also within the range of: greater or equal 
to 2 m2, for reduced edge effect; and less than 20 m2 for 
observer efficiency, in the vegetation concerned in this study. 
For less diverse vegetation, maximum subsample size could 
be increased if required. To ensure a width to length ratio 
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Figure 6 The relationship between number of subsamples and accu-
mulated total of new species expressed as a percentage. Subsample 
accumulated totals: 1 = 100070; 2 = 123,2070; 3 = 139,0070; 4 = 
151,6070; 5 = 162,1070; 6 = 171,1070; 7 = 179,2070; 8 = 186,5070; 9 
= 193,3070 & 10 = 199,5070. 
of 1:2 for rectangularity of subsamples (Mueller-Dombois & 
Ellenberg 1974) the following convenient sizes can be used: 
1 m x 2 m (2 m2) 
1,5 m x 3 m (4,5 m2) 
2 m x 4 m (8 m2) 
2,5 m x 5 m (12,5 m2) 
3 m x 6 m (18 m2) 
3,5 m x 7 m (24,5 m2) 
The nearest convenient size which is not less than 9,82 m2 
is, therefore, 2,5 m x 5 m (12,5 m2). In the first three releves 
recorded in the investigation of the vegetation ecology of the 
Transvaal Waterberg (Westfall, in prep.) using this subsample, 
size increments of less than 10070 were reached with four 
subsamples in two cases and with five subsamples in one case. 
These results substantiate the validity of the subsample number 
and area relationships. Species recorded in each reI eve varied 
from 38 to 60 and sample areas covered varied from 50 to 
62,5 m2 • This is a considerably higher number of species than 
that recorded by Westfall (1981) in vegetation with similar 
diversity using single 200 m2 sample areas. Separate random 
subsamples, therefore, appear to increase efficiency. The 
smaller area also facilitates cover estimation of the herbaceous 
stratum. It is noteworthy that in all three releves (Westfall, 
in prep.) only approximately 10% of the total number of 
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species estimated to be present in each 20-ha stand was 
recorded. Recording of all species within the stand would have 
been prohibitive in terms of time and effort. It can, therefore, 
be assumed that the remaining 90% of the species have a very 
low frequency and that the so-called 'infrequent species' in 
phytosociological classifications are often not as infrequent 
as assumed. The method proposed here is also objective in 
distinguishing species, which on a frequency basis, should be 
more relevant in classifications. In randomly selected sub-
samples each species chance for inclusion in the subsamples 
is proportionate to its frequency. 
The value of 0,3 for slope (m) can be refined with more 
data for improved predictions especially for areas greater than 
20 ha. 
The expressions described in this paper, as well as those 
describing area, sample number and scale relations (Ruther-
ford & Westfall 1986) have, for convenience, been pro-
grammed for the SHARP PC 1500 computer. This program, 
titled VEGFORM, is available from the first author on 
request. 
Conclusions 
The advantages of expressing species diversity in terms of the 
c value include: 
(l) overcoming the edge effects of small quadrat size in certain 
vegetation types; thereby 
(2) improving comparability of species diversity when ex-
pressed as species per m2; 
(3) associating subsample size with species diversity; 
(4) determining number of sub samples required for sampling 
a vegetation stand; and 
(5) predicting the approximate number of plant species which 
could occur within a vegetation stand. 
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